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1 INTRODUCTION 
1.1 Background 
From 1997 through 2000, the Midwest Roadside Safety Facility (MwRSF) developed a 
thrie beam bullnose guardrail system for shielding median hazards found between divided 
highways [1-3]. The new, non-proprietary bullnose guardrail system was successfully full-scale 
crash tested and evaluated according to the Test Level 3 (TL-3) safety performance evaluation 
criteria provided in National Cooperative Highway Research Program (NCHRP) Report No. 350 
[4]. 
Controlled release terminal (CRT) wood posts were used in the original bullnose 
guardrail system. Although the CRT posts adequately met the TL-3 safety requirements, these 
wood posts have several drawbacks. First, the properties and performance of wood posts are 
highly variable due to knots, checks, and splits, thus requiring grading and inspection of posts. 
Second, two holes are drilled into the CRT posts that allow them to break away upon impact. 
These holes expose the interior of the wood to the environment, which can accelerate 
deterioration. Wood posts can also swell under certain environmental conditions, making 
removal of broken posts from the steel foundation tubes difficult. Further, chemical preservatives 
used to treat the wood posts have been identified as harmful to the environment by some 
government agencies. Thus, the treated wood posts may require special consideration during 
disposal. Due to these concerns, a need existed for a breakaway steel post option for use in the 
thrie beam bullnose guardrail system. 
Existing proprietary steel breakaway posts were investigated in the Evaluation of an 
Existing Steel Post Alternative for the Thrie Beam Bullnose Guardrail System [5]. After several 
proprietary steel post designs were reviewed and tested, a Road Systems, Inc. (RSI) Hinged Steel 
Post was chosen as the best option for the bullnose system. Two full-scale tests were performed 
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on the bullnose system with the breakaway hinged steel posts, and both were unsuccessful due to 
the pickup truck overriding the system.  
After the two failed full-scale tests, the focus shifted to the development of a new 
Universal Breakaway Steel Post (UBSP) to replace the CRT wood posts in the thrie beam 
bullnose system. While the previously-designed proprietary steel breakaway posts had been 
successfully used for guardrail end terminals, the bullnose system appeared to be more sensitive 
to subtle differences between wooden and steel breakaway posts. Thus, the design goal of the 
new, non-proprietary, UBSP was to mimic the strength and behavior of the wooden CRT post. 
The new post could also provide a replacement option for the CRT wood post in a wide variety 
of roadside hardware systems. 
Following several rounds of bogie testing with CRT posts and a proposed UBSP, the 
bullnose system with the UBSP was full-scale crash tested according to test designation no. 3-38 
of NCHRP Report No. 350 at the Midwest Roadside Safety Facility (MwRSF) [6]. In test no. 
USPBN-1, the performance of the UBSP bullnose median barrier was found to be unacceptable 
according to the NCHRP Report No. 350 criteria due to the pickup truck overriding the 
guardrail. Two factors were believed to have contributed to this behavior. First, the fracturing 
bolt posts did not absorb enough energy to safely capture and contain the vehicle. The posts 
rotated minimally in the soil and broke away quickly, which allowed the pickup to penetrate 
further into the system. Second, the second post remained intact longer than its wood 
counterpart, causing the pickup truck to redirect more than what was observed in previous tests 
on the wood-post bullnose barrier.  
The UBSP bullnose median barrier system was modified and tested according to test 
designation no. 3-38 of NCHRP Report No. 350 [7]. Modifications to the UBSP bullnose median 
barrier previously tested at MwRSF included changing the second post on each side of the 
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system from a UBSP to a BCT post, increasing the diameter of the fracturing bolts from ⅜ in. 
(9.5 mm) to 7/16 in. (11.1 mm), decreasing the bolt spacing from 1013/16 in. x 2½ in. (275 mm x 64 
mm) to 10 in. x 2½ in. (254 mm x 64 mm), and decreasing the embedment depth of the UBSP 
base from 45⅜ in. (1,153 mm) to 40 in. (1,016 mm). In test no. USPBN-2, the 2000P vehicle was 
adequately contained and no significant occupant compartment deformation occurred. Thus, test 
no. USPBN-2 conducted on a bullnose median barrier was determined to be acceptable 
according to the NCHRP Report No. 350 safety performance criteria for test designation no. 3-
38. While test no. USPBN-2 demonstrated acceptable performance of the UBSP for test no. 3-38, 
two additional crash tests were required to fully evaluate the use of the new post design in the 
thrie beam bullnose barrier system. 
1.2 Objective 
The objective of the research project was to complete the full-scale test matrix required to 
evaluate the use of the UBSP design in the thrie beam bullnose system. Three full-scale crash 
tests were required to evaluate the use of the UBSP, test designation nos. 3-30, 3-31, and 3-38. 
Because the UBSP had previously been successfully tested under test designation no. 3-38, two 
additional TL-3 full-scale vehicle crash test (test designation nos. 3-30 and 3-31) were planned in 
order to demonstrate that the UBSP, used in combination with the thrie beam bullnose median 
barrier system, would meet the NCHRP Report No. 350 safety performance guidelines. 
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2 DESIGN DETAILS 
The test installation was comprised of a bullnose median barrier system which utilized 
universal breakaway steel posts, as shown in Figures 1 through 23. Photographs of the test 
installation are shown in Figures 24 and 25. Material specifications, mill certifications, and 
certificates of conformity for the system materials are shown in Appendix A. 
A one-half barrier system was utilized for the testing program in order to reduce costs 
and construction time. The bullnose system was constructed with twenty-eight posts, with 
fourteen posts positioned on each side of the system. Each side of the system contained two BCT 
posts, six UBSP posts, four W6x8.5 (W152x12.6) standard guardrail posts, and two BCT 
anchorage posts, respectively from the nose of the system. The lower portion of the UBSP 
consists of a foundation tube with the lower base plate. The upper portion of the UBSP consists 
of a post with the upper base plate. Although the goal of this study was to develop an all-steel 
system, previous testing demonstrated that using BCT wood posts in the anchorage system 
allowed for improved performance and the effective capture of the pickup truck [5].  
All of the posts were placed in a compacted coarse, crushed limestone material meeting 
Grading B of AASHTO M 147-65 as found in NCHRP Report No. 350. The soil was compacted 
in 2-ft (610-mm) diameter augured holes using 8-in. (203-mm) lifts. Also, the fracturing bolts in 
the breakaway posts were torqued to 60 to 75 ft-lbs (81.3 to 101.7 N-m) for the full-scale crash 
testing program. 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA 
3.1 Test Requirements 
Terminals and crash cushions, such as bullnose median barriers, must satisfy impact 
safety standards in order to be accepted by the Federal Highway Administration (FHWA) for use 
on National Highway System (NHS) new construction projects or as a replacement for existing 
designs not meeting current safety standards. In recent years, these safety standards have 
consisted of the guidelines and procedures published in NCHRP Report No. 350 [4]. From 
previous testing [3], the bullnose median barrier was defined as a non-gating barrier, and thus, 
must fulfill the requirements for a non-gating device. A non-gating device is designed to contain 
and either redirect or capture a vehicle when impacted downstream from the end of the device. 
According to Test Level 3 (TL-3) of NCHRP Report No. 350, non-gating terminals and crash 
cushions must be subjected to eight full-scale vehicle crash tests. The eight full-scale crash tests 
are as follows: 
1. Test Designation 3-30 consisting of a 1,808-lb (820-kg) passenger car impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 0 degrees, 
respectively, on the tip of the barrier nose with a ¼-point offset. 
 
2. Test Designation 3-31 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 0 degrees, 
respectively, on the tip of the barrier nose. 
 
3. Test Designation 3-32 consisting of a 1,808-lb (820-kg) passenger car impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 15 degrees, 
respectively, on the tip of the barrier nose. 
 
4. Test Designation 3-33 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 15 degrees, 
respectively, on the tip of the barrier nose. 
 
5. Test Designation 3-36 consisting of a 1,808-lb (820-kg) passenger car impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 15 degrees, 
respectively, at the beginning of the LON (Length-of-Need). 
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6. Test Designation 3-37 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 20 degrees, 
respectively, at the beginning of the LON. 
 
7. Test Designation 3-38 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 20 degrees at the 
Critical Impact Point (CIP), respectively. 
 
8. Test Designation 3-39 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nominal speed and angle of 62 mph (100 km/h) and 20 degrees, 
respectively, in a reverse direction at one half the distance to the LON from the end of 
the terminal. 
 
The test conditions of TL-3 longitudinal barriers are summarized in Table 1. The Critical Impact 
Point (CIP) mentioned above is defined for non-gating terminals as the point along the 
installation where it is unknown whether the guardrail will capture the impacting vehicle or 
redirect it. 
Table 1. NCHRP Report No. 350 TL-3 Crash Test Conditions 
Test 
Article 
Test 
Designation 
Test 
Vehicle 
Impact Conditions 
Evaluation 
Criteria 1 Speed Angle 
(deg) mph km/h 
Non-gating 
Terminals and 
Crash 
Cushions 
3-30 820C 62 100 0 C,D,F,H,I,K,N 
3-31 2000P 62 100 0 C,D,F,H,I,K,N 
3-32 820C 62 100 15 C,D,F,H,I,K,N 
3-33 2000P 62 100 15 C,D,F,H,I,K,N 
3-36 820C 62 100 15 A,D,F,H,I,K,M 
3-37 2000P 62 100 20 A,D,F,K,L,M 
3-38 2000P 62 100 20 A,D,F,K,L,M 
3-39 2000P 62 100 20 C,D,F,K,L,M,N 
1 Evaluation criteria explained in Table 2. 
 
Previous testing of the bullnose guardrail system successfully passed all of the required 
tests on the wood-post, thrie beam bullnose system [1-3]. Based on the success of the previous 
testing, it was believed that the tests required for this project were those that would be affected 
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by the change from the wood CRT posts to the steel fracturing bolt posts. Researchers 
determined that three full-scale crash tests would be required to verify that the UBSP provides 
acceptable safety performance when used in the bullnose median barrier system. The three tests 
are as follows: 
Test Designation 3-38 (2000P at CIP); 
Test Designation 3-30 (820C end-on, with ¼-point offset); and  
Test Designation 3-31 (2000P end-on to evaluate penetration distance). 
The bullnose median barrier system was successfully tested with UBSP posts according 
to test designation no. 3-38 as detailed in a previous research report [7]. 
3.2 Evaluation Criteria 
Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 
structural adequacy are intended to evaluate the ability of the bullnose median barrier to contain 
and redirect impacting vehicles. Occupant risk evaluates the degree of hazard to occupants in the 
impacting vehicle. Vehicle trajectory after collision is a measure of the potential for the post-
impact trajectory of the vehicle to result in secondary collisions with other vehicles or fixed 
objects, thereby increasing the risk of injury to the occupant of the impacting vehicle and to other 
vehicles. These evaluation criteria are summarized in Table 2 and defined in greater detail in 
NCHRP Report No. 350. The full-scale vehicle crash test was conducted and reported in 
accordance with the procedures provided in NCHRP Report No. 350. 
In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 
were determined and reported on the test summary sheet.  
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Table 2. NCHRP Report No. 350 Evaluation Criteria for Terminals and Crash Cushions 
Structural 
Adequacy 
A. Test article should contain and redirect the vehicle; the vehicle 
should not penetrate, underride, or override the installation although 
controlled lateral deflection of the test article is acceptable. 
C. Acceptable test article performance may be by redirection, 
controlled penetration, or controlled stopping of the vehicle. 
Occupant 
Risk 
D. Detached elements, fragments or other debris from the test article 
should not penetrate or show potential for penetrating the occupant 
compartment, or present an undue hazard to other traffic, 
pedestrians, or personnel in a work zone. Deformations of, or 
intrusions into, the occupant compartment that could cause serious 
injuries should not be permitted. See discussion in Section 5.3 and 
Appendix E of NCHRP Report No. 350. 
F. The vehicle should remain upright during and after collision 
although moderate roll, pitching and yawing are acceptable. 
H. Occupant Impact Velocities (OIV) (see Appendix A, Section A5.3 of 
NCHRP Report No. 350 for calculation procedure) should satisfy the 
following: 
 Occupant Impact Velocity Limits 
Component Preferred Maximum 
Longitudinal and Lateral 29.5 ft/s (9 m/s) 
39.4 ft/s 
(12 m/s) 
I. The Occupant Ridedown Accelerations (ORA) (see Appendix A, 
Section A5.3 of NCHRP Report No. 350 for calculation procedure) 
should satisfy the following: 
 Occupant Ridedown Acceleration Limits  
Component Preferred Maximum 
Longitudinal and Lateral 15 g’s 20 g’s 
Vehicle 
Trajectory 
K. After collision it is preferable that the vehicle’s trajectory not intrude 
into adjacent traffic lanes. 
L. The occupant impact velocity in the longitudinal direction should not 
exceed 39.4 ft/s (12 m/s) and the occupant ridedown acceleration in 
longitudinal direction should not exceed 20 g’s. 
M. The exit angle from the test article preferably should be less than 60 
percent of the test impact angle, measured at time of vehicle loss of 
contact with test device. 
N. Vehicle trajectory behind the test article is acceptable. 
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4 TEST CONDITIONS 
4.1 Test Facility 
The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln 
Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 
Nebraska-Lincoln. 
4.2 Vehicle Tow and Guidance System 
A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test 
vehicles. The distance traveled and the speed of the tow vehicle were one-half that of the test 
vehicle. The test vehicle was released from the tow cable before impact with the barrier system. 
A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 
A vehicle guidance system developed by Hinch [8] was used to steer the test vehicles. A 
guide-flag, attached to the left-front wheel and the guide cable, was sheared off before impact 
with the barrier system. The ⅜-in. (9.5-mm) diameter guide cable was tensioned to 
approximately 3,500 lb (15.6 kN) and supported both laterally and vertically every 100 ft (30.48 
m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, 
but as the vehicle was towed down the line, the guide-flag struck and knocked each stanchion to 
the ground. 
4.3 Test Vehicles 
For test no. USPBN-3, a 2000 Suzuki Swift passenger car was used as the test vehicle. 
The curb, test inertial, and gross static vehicle weights were 1,857 lb (842 kg), 1,854 lb (841 kg), 
and 2,024 lb (918 kg), respectively. The test vehicle is shown in Figure 26, and vehicle 
dimensions are shown in Figure 27. 
 
Figure 26. Test Vehicle, Test No. USPBN-3
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For test no. USPBN-4, a 2000 GMC C2500 pickup truck was used as the test vehicle. 
The curb, test inertial, and gross static vehicle weights were 4,581 lb (2,078 kg), 4,429 lb (2,009 
kg), and 4,429 lb (2,009 kg), respectively. The test vehicle is shown in Figure 28, and vehicle 
dimensions are shown in Figure 29. 
The longitudinal component of the center of gravity (c.g.) was determined using the 
measured axle weights. The location of the final c.g. is shown in Figures 27 and 30 for test no. 
USPBN-3. The location of the final c.g. is show in Figures 29 and 31 for test no. USPBN-4. Data 
used to calculate the location of the c.g. and ballast information are shown in Appendix B. 
Square, black- and white-checkered targets were placed on the vehicles to aid in the 
analysis of the high-speed videos, as shown in Figure 30. Round, checkered targets were placed 
on the center of gravity on the left-side door, the right-side door, and the roof of the vehicles. 
The remaining targets were located for references so that they could be viewed from the high-
speed cameras for video analysis. 
The front wheels of the test vehicles were aligned for camber, caster, and toe-in values of 
zero so that the vehicles would track properly along the guide cable. A 5B flash bulb was 
mounted at the center of the vehicles’ dashes and was fired by a pressure tape switch mounted at 
the impact corner of the bumper. The flash bulb was fired upon initial impact with the test article 
to create a visual indicator of the precise time of impact on the high-speed videos. A remote 
controlled brake system was installed in the test vehicles so the vehicles could be brought safely 
to a stop after the tests. 
Figure 28
 
. Test Vehicle, Test No. USPBN-4
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Figure 29
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Figure 30. Target Geometry, Test No. USPB
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Figure 31. Target Geometry, Test No. USPB
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4.4 Simulated Occupant 
 For test no USPBN-3, A Hybrid II 50th Percentile Adult Male Dummy, equipped with 
clothing and footwear, was placed in the left-front seat of the test vehicle with the seat belt 
fastened. The dummy, which had a final weight of 166 lb (75 kg), was represented by model no. 
572, serial no. 451, and was manufactured by Android Systems of Carson, California. As 
recommended by MASH, the dummy was not included in calculating the c.g location. 
4.5 Data Acquisition Systems 
4.5.1 Accelerometers 
Two environmental shock and vibration sensor/recorder systems were used to measure 
the accelerations in the longitudinal, lateral, and vertical directions. Both accelerometers were 
mounted near the center of gravity of the test vehicles.  
One accelerometer system was a two-arm piezoresistive accelerometer system 
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to 
measure each of the longitudinal, lateral, and vertical accelerations independently at a sample 
rate of 10,000 Hz. Two additional accelerometers were used to measure longitudinal and lateral 
accelerations independently at the same sample rate. The accelerometers were configured and 
controlled using a system developed and manufactured by Diversified Technical Systems, Inc. 
(DTS) of Seal Beach, California. More specifically, data was collected using a DTS Sensor Input 
Module (SIM), Model TDAS3-SIM-16M. The SIM was configured with 16 MB SRAM memory 
and 8 sensor input channels with 250 kB SRAM/channel. The SIM was mounted on a TDAS3-
R4 module rack. The module rack was configured with isolated power/event/communications, 
10BaseT Ethernet and RS232 communication, and an internal backup battery. Both the SIM and 
module rack were crashworthy. The “DTS TDAS Control” computer software program and a 
customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data. 
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The second system, Model EDR-3, was a triaxial piezoresistive accelerometer system 
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM 
memory, a range of ±200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The 
“DynaMax 1 (DM-1)” computer software program and a customized Microsoft Excel worksheet 
were used to analyzed and plot the accelerometer data. 
4.5.2 Rate Transducers 
An angle rate sensor, the ARS-1500, with a range of 1,500 degrees/sec in each of the 
three directions (roll, pitch, and yaw) was used to measure the rates of rotation of the test 
vehicles. The angular rate sensor was mounted on an aluminum block inside the test vehicle near 
the center of gravity and recorded data at 10,000 Hz to the SIM. The raw data measurements 
were then downloaded, converted to the proper Euler angles for analysis, and plotted. The “DTS 
TDAS Control” computer software program and a customized Microsoft Excel worksheet were 
used to analyze and plot the angular rate sensor data. 
An additional angle rate sensor, an Analog Systems 3-axis rate transducer with a range of 
1,200 degrees/sec in each of the three directions (roll, pitch, and yaw), was used to measure the 
rates of motion of the test vehicles. The rate transducer was mounted inside the body of the 
EDR-4 6DOF-500/1200 and recorded data at 10,000 Hz to a second data acquisition board inside 
the EDR-4 6DOF-500/1200 housing. The raw data measurements were then downloaded, 
converted to the appropriate Euler angles for analysis, and plotted. The “EDR4COM” and 
“DynaMax Suite” computer software programs and a customized Microsoft Excel worksheet 
were used to analyze and plot the angular rate transducer data. 
4.5.3 Pressure Tape Switches 
For test nos. USPBN-3 and USPBN-4, five pressure-activated tape switches, spaced at 
approximately 6.56 ft (2 m) intervals, were used to determine the speed of the vehicles before 
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impact. Each tape switch fired a strobe light which sent an electronic timing signal to the data 
acquisition system as the right-front tire of the test vehicle passed over it. Test vehicle speeds 
were determined from electronic timing mark data recorded using TestPoint and LabVIEW 
computer software programs. Strobe lights and high-speed video analysis are used only as a 
backup in the event that vehicle speed cannot be determined from the electronic data. 
4.5.4 Digital Cameras 
Two AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed 
digital video cameras, four JVC digital video cameras, and two Canon digital video cameras 
were utilized to film test no. USPBN-3. Camera details, camera operating speeds, lens 
information, and a schematic of the camera locations relative to the system are shown in Figure 
32. 
Two AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed 
digital video cameras, four JVC digital video cameras, and two Canon digital video cameras 
were utilized to film test no. USPBN-4. Camera details, camera operating speeds, lens 
information, and a schematic of the camera locations relative to the system are shown in Figure 
33. 
The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake 
MotionScope software programs. Actual camera speed and camera divergence factors were 
considered in the analysis of the high-speed videos. Also, a Nikon D50 digital still camera was 
used to document pre- and post-test conditions for the tests. 
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5 FULL-SCALE CRASH TEST NO. USPBN-3  
5.1 Test No. USPBN-3 
The 2,024-lb (918-kg) passenger car with a simulated occupant in the driver’s seat 
impacted the bullnose median barrier at a speed of 63.3 mph (101.9 km/h) and at an angle of 0 
degrees. A summary of the test results and sequential photographs are shown in Figure 34. 
Additional sequential photographs are shown in Figures 35 and 36. Documentary photographs of 
the crash test are shown in Figure 37.  
5.2 Weather Conditions 
Test no. USPBN-3 was conducted on September 13, 2010 at approximately 2:30 pm. The 
weather conditions, as per the National Oceanic and Atmospheric Administration (station 
14939/LNK), were reported and are shown in Table 3. 
Table 3. Weather Conditions, Test No. USPBN-3 
Temperature 82°F 
Humidity 65% 
Wind Speed 10 mph 
Wind Direction 140° from True North 
Sky Conditions Overcast 
Visibility 9 Statute Miles 
Pavement Surface Dry 
Previous 3-Day Precipitation  0.03 in. 
Previous 7-Day Precipitation  0.04 in. 
 
5.3 Test Description 
Initial vehicle impact was to occur with the passenger’s side quarter point of the vehicle 
at the center of the bullnose, as shown in Figure 38. The actual point of impact was at the quarter 
point. A sequential description of the impact events is contained in Table 4. The vehicle came to 
rest 20 ft – 11 in. (6.4 m) downstream and 9 in. (0.2 m) to the left of the center of the bullnose. 
The vehicle trajectory and final position are shown in Figures 34 and 39. 
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Table 4. Sequential Description of Impact Events, Test No. USPBN-3 
TIME 
(sec) EVENT 
0.000 The right-side bumper impacted the face of the thrie-beam nose. 
0.016 Post nos. A1 and B1 deflected forward (away from the center of the system), and the left side of the bumper disengaged. 
0.026 The rail kinked near the center of the nose. 
0.036 Post nos. A1 and B1 deflected backward (toward the center of the system). 
0.042 The rail buckled upstream of post no. B1. 
0.046 The rail buckled upstream of post no A1. 
0.072 The base of post no. B1 fractured. 
0.078 The rail kinked at post no. B2. 
0.080 The rail disengaged from post nos. B2 and B3. 
0.094 The rail disengaged from post no. B4, and post no. B5 deflected forward (away from the center of the system). 
0.118 The rail impacted post no. B2. 
0.120 The base of post no. B2 fractured. 
0.128 The base of post no. A1 fractured. 
0.158 Post no. B2 impacted post no. B3. 
0.176 The vehicle yawed towards the right. 
0.176 The bottom corrugation ruptured at the impact point.  
0.188 The rail kinked at post no. B3.  
0.232 The base of post no. A2 fractured. 
0.260 Post no. B3 broke away. 
0.302 The rail buckled downstream of post no. A3. 
0.316 The rail buckled at post no. B4. 
0.414 Post no. B4 broke away. 
0.426 Post no. A3 broke away. 
0.530 The rail kinked downstream of post no. B5. 
0.632 The vehicle reached maximum displacement. 
 
5.4 Barrier Damage 
Damage to the barrier was severe, as shown in Figures 40 through 42. Barrier damage 
consisted of guardrail buckling and flattening, deformation of the guardrail around the front of 
the car, and post fracture and disengagement on both sides of the bullnose. Deformation to the 
rail occurred from 11 in. (279 mm) downstream of post no. 3 on Side A to 7½ in. (191 mm) 
downstream of post no. 5 on Side B. 
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The first three posts on Side A were fractured and disengaged. BCT post nos. 1 and 2 
fractured through the hole at ground level. The universal steel breakaway post no. 3 disengaged 
from the foundation tube and lower base plate when the bolts fractured. Post no. 3 was slightly 
twisted downstream in relation to the upper base plate, and there was some slight chipping on the 
blockout. Post no. 4 was slightly twisted upstream in relation to the upper base plate. Post nos. 1 
and 3 had a ¼-in. (6-mm) soil gap and a ½-in. (13-mm) soil gap on the front side of the bases, 
respectively. There was no visible damage to post nos. 5 through 14 on Side A.  
The first four posts on Side B were fractured and disengaged. BCT post nos. 1 and 2 
fractured through the hole at ground level. Post no. 1 was split on the upstream face, and the 
cable bearing sleeve disengaged. UBSP nos. 3 and 4 were slightly twisted upstream in relation to 
their upper base plates and were disengaged from the foundation tube and lower base plate when 
the bolts fractured. The blockouts on post no. 5 were rotated downstream. A ½-in. (13-mm) soil 
gap was found on the downstream side of post no. 3 with an approximate 12-in. (30- mm) 
diameter by 2-in. (51-mm) high soil heave. The rail-to-post bolt was pulled out at post no. 6. 
There was no visible damage to post nos. 7 though 14 on Side B. There was no visible damage to 
the foundation tubes or lower base plates on either side of the system. 
The damage to the thrie beam guardrail consisted of buckling, tearing, and flattening of 
the guardrail. Flattening occurred in the thrie beam from post no. 3 on Side A to post no. 4 on 
Side B. The Side B cable end anchorage threads fractured at the post no. 1 BCT anchorage. A 
buckle formed 11 in. (279 mm) downstream of post no. 3 on Side A with an 8-in. (203-mm) long 
horizontal tear in the upper slot. Another buckle formed at post no. 3 on Side A. A 2¼-in. (57-
mm) long vertical tear was located 9 in. (229 mm) upstream of the Side A quarter point in rail 
section no. 1. The guardrail buckled 19 in. downstream of the center of the system towards Side 
A. Rail section no. 1 at the lower slot was torn completely through from 18½ in. (470 mm) 
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downstream of the center of the system towards Side A through 10 in. (254 mm) downstream of 
the Side B quarter point on the nose. A 1¼-in. (32-mm) long vertical tear was located at the 
upper slot 14 in. (356 mm) downstream of the center of the system towards Side A. The 
guardrail buckled 10 in. (254 mm) downstream of the center of the system towards Side B. A 
4½-in. (114-mm) long vertical tear in the upper slot and a buckle were located 10 in. (254 mm) 
downstream of the Side B quarter point on the nose. 10 in. (254 mm) downstream of the Side B 
quarter point. A 2¾-in. (70-mm) long horizontal tear was located at the lower slot at post no. 2 
on Side B. Another 2½-in. (64-mm) long horizontal tear was located at the lower slot at post no. 
3 on Side B. A buckle formed at post no. 4 on Side B, with a ⅞-in. (22-mm) long vertical tear in 
the upper slot and a 2¼-in. (57-mm) long vertical tear in the lower slot. The guardrail was kinked 
7½ in. (191 mm) downstream of post no. 5 on Side B. 
The working width envelope of the system was found to be 22 ft – 9 in. (6.9 m) 
longitudinally and 14 ft – 9¼ in. (4.5 m) laterally and is shown in Figure 44. 
5.5 Vehicle Damage 
The damage to the vehicle was moderate, as shown in Figure 45. Deformations to the 
vehicle’s floorboard were relatively minor, with maximum longitudinal and vertical deflections 
of ½ in. (13 mm) and ¼ in. (6 mm), respectively. Complete occupant compartment and vehicle 
deformations and the corresponding locations are provided in Appendix C. 
The left door was dented and crushed. A dent was found between the left door and 
quarter panel. The left-fender was crushed inward and backward. The left-front strut attachment 
was fractured and the steering rod was bent. The left-front CV joint was pulled out, and both 
ends of the half shaft were damaged or pulled out. A dent was found in the left-front rim. The 
left mirror was disengaged. The radiator was crushed inward and shifted to the right. Both 
headlights were fractured. The left bumper mount was fractured. The bumper fractured near its 
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center. Minor cracking occurred in the lower left windshield in an area approximately 15 in. (381 
mm) by 13 in. (330 mm). The hood was crushed backward and upward. The right side of the 
bumper cover was dented and torn. The right fender was crushed inward. The front of the right 
door was crushed and dented, and the door was ajar. The fuel tank was punctured, and small 
scrapes were found on the rear lower control arms. The roof and window glass remained 
undamaged. 
5.6 Occupant Risk 
The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant 
ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 
5. It is noted that the OIVs and ORAs were within the suggested limits provided in NCHRP 
Report No. 350. The calculated THIV, PHD, and ASI values are also shown in Table 5. The 
results of the occupant risk analysis, as determined from the accelerometer data, are summarized 
in Figure 34. The recorded data from the accelerometers and the rate transducers are shown 
graphically in Appendix D.  
Table 5. Summary of OIV, ORA, THIV, and PHD Values, Test No. USPBN-3 
Evaluation Criteria 
Transducer NCHRP Report 
No. 350 
Limits EDR-3 DTS 
OIV 
ft/s (m/s) 
Longitudinal -33.63 (-10.25) 
-32.18 
(-9.81) 
≤ 39.4  
(12) 
Lateral 3.60 (1.10) 
4.08 
(1.24) 
≤ 39.4  
(12) 
ORA 
g’s 
Longitudinal -7.70 -7.70 ≤ 20 
Lateral 5.01 -5.75 ≤ 20 
THIV 
ft/s (m/s) - 
32.58 
(9.93) not required 
PHD 
g’s - 8.62 not required 
ASI 0.93 0.88 not required 
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5.7 Discussion 
The analysis of the test results for test no. USPBN-3 showed that the bullnose median 
barrier adequately contained and safely decelerated the 820C vehicle. There were no detached 
elements nor fragments which showed potential for penetrating the occupant compartment nor 
presented undue hazard to other traffic. Deformations of, or intrusions into, the occupant 
compartment that could have caused serious injury did not occur. The test vehicle did not 
penetrate nor ride over the barrier and remained upright during and after the collision. Vehicle 
roll, pitch, and yaw angular displacements were noted, as shown in Appendix D, and were 
deemed acceptable because they did not adversely influence occupant risk safety criteria nor 
cause rollover. After impact, the vehicle was contained by the bullnose median barrier. 
Therefore, test no. USPBN-3 conducted on a bullnose median barrier was determined to be 
acceptable according to the NCHRP Report No. 350 safety performance criteria for test 
designation no. 3-30. 
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6 FULL-SCALE CRASH TEST NO. USPBN-4  
6.1 Test No. USPBN-4 
The 4,429-lb (2,009-kg) pickup truck impacted the bullnose median barrier at a speed of 
64.5 mph (103.7 km/h) and at an angle of 0 degrees. A summary of the test results and sequential 
photographs are shown in Figure 46. Additional sequential photographs are shown in Figures 47 
and 48.  
6.2 Weather Conditions 
Test no. USPBN-4 was conducted on October 6, 2010 at approximately 12:15 pm. The 
weather conditions, as per the National Oceanic and Atmospheric Administration (station 
14939/LNK), were reported and are shown in Table 6. 
Table 6. Weather Conditions, Test No. USPBN-4 
Temperature 74°F 
Humidity 50% 
Wind Speed 8 mph 
Wind Direction 330° from True North 
Sky Conditions Sunny 
Visibility 10 Statute Miles 
Pavement Surface Dry 
Previous 3-Day Precipitation  0.0 in. 
Previous 7-Day Precipitation  0.0 in. 
 
6.3 Test Description 
Initial vehicle impact was to occur at the centerline of the system, as shown in Figure 38. 
The actual point of impact was at the centerline of the system. A sequential description of the 
impact events is contained in Table 7. The vehicle came to rest 50 ft – 10 in. (15.5 m) 
downstream and 2 ft – 7 in. (0.8 m) to the left of the initial impact. The vehicle trajectory and 
final position are shown in Figures 46 and 50. 
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Table 7. Sequential Description of Impact Events, Test No. USPBN-4 
TIME 
(sec) EVENT 
0 The bumper impacted the face of the thrie beam nose. 
0.012 Kink formed in rail upstream of post no A1. 
0.014 Kink formed in rail upstream of post no. B1 
0.018 Hood, right-front quarter panel, and left-front quarter panel deflected. 
0.060 The base of post no. A1 fractured, and the rail kinked at the midspan between post nos. A1 and A2 and at the midspan between post nos. B1 and B2. 
0.070 The base of post no. B1 fractured.  
0.098 Kink formed in rail at post no. B2. 
0.104 Kink formed in rail at post no. A2. 
0.136 The base of post no. B2 fractured. 
0.152 Kink formed in rail at post no. B3. 
0.154 Kink formed in rail at post no. A3. 
0.190 Post no. A3 broke away. 
0.202 Post no. B3 broke away. 
0.240 Kink formed in rail at post no. B4. 
0.248 Kink formed in rail upstream of post no. A4. 
0.286 Post no. A4 broke away. 
0.288 Post no. B4 broke away. 
0.328 Kink formed in rail upstream of post no. A5. 
0.336 The right-rear tire ruptured. 
0.366 Kink formed in rail downstream of post no. B5. 
0.382 Post no. A5 broke away. 
0.384 Post no. B5 broke away. 
0.390 Kink formed in rail at midspan between post nos. A5 and A6. 
0.472 Kink formed in rail at post no. B6. 
0.496 Kink formed in rail upstream of post no. A6. 
0.522 Post no. B6 broke away. 
0.568 Kink formed in rail downstream of post no. A7. 
0.596 Kink formed in rail at midspan between post nos. B6 and B7. 
0.616 Kink formed in rail at post no. B7. 
0.656 Kink formed in rail downstream of post no. B7. 
0.696 Post no. B7 broke away. 
0.794 Kink formed in rail at midspan of post nos. B7 and B8. 
0.860 Kink formed in rail upstream of midspan between post nos. A7 and A8. 
0.982 Kink formed in rail upstream of post no. A8. 
1.182 Vehicle reached maximum displacement into system. 
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6.4 Barrier Damage 
Damage to the barrier was severe, as shown in Figures 51 through 53. Barrier damage 
consisted of guardrail buckling and flattening, deformation of the guardrail around the front of 
the pickup truck, and post fracture and disengagement on both sides of the bullnose. Deformation 
to the rail occurred from 13 in. (330 mm) upstream of post no. 8 on Side A to 15 in. (381 mm) 
upstream of post no. 8 on Side B. 
Post nos. 1 through 6 and post no. 8 on Side A were fractured and disengaged. BCT post 
nos. 1 and 2 fractured through the hole at ground level. The majority of post no. 1 remained 
attached to the guardrail connected through the bottom bolt. The universal steel breakaway post 
nos. 3 through 6 and post no. 8 disengaged from the foundation tube and lower base plate when 
the bolts fractured. The top portion of post no. 3 was slightly twisted in relation to the upper base 
plate. The back blockout was disengaged from post no. 4 and the front flange was bent. The back 
blockout was disengaged from post no. 5, and the front blockout was partially disengaged. The 
weld at the base plate of post no. 7 fractured at the front flange on the upstream side. Post no. 7 
was also bent and twisted downstream in relation to the upper base plate with the rear flange 
buckled 2 in. (51 mm) at the lower portion of the post. There was also a ⅜-in. (10-mm) soil gap 
on the upstream face of the foundation tube at post no. 7. Post no. 8 was twisted upstream in 
relation to the upper base plate, and the back flange and web were bent at the top of the post. 
Post nos. 9 and 10 had ½-in. (13-mm) soil gaps on the backside and frontside of the foundation 
tubes, respectively. There was no visible damage to post nos. 11 through 14 on Side A.  
The first seven posts on Side B were fractured and disengaged. BCT post nos. 1 and 2 
fractured through the hole at ground level. Post no. 1 was split on the upstream face. The 
universal steel breakaway post nos. 3 through 7 disengaged from the foundation tubes and lower 
base plates as the bolts fractured. Post no. 3 was slightly twisted downstream in relation to the 
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upper base plate, and the back flange was bent and gouged. Post no. 4 was wedged underneath 
the left-rear tire. The front blockout on post no. 5 was fractured. The back flange was bent and 
the front blockout was split on post no. 7. A ½-in. (13-mm) soil gap was found on the upstream 
side of the foundation tube of post no. 8. The two upstream base plate bolts fractured on post no. 
8, and the post was bent slightly downstream but still in its original location. There was no 
visible damage to post nos. 9 though 14 on Side B. There was no visible damage to the 
foundation tubes or lower base plates on either side of the system. 
The damage to the Side A thrie beam guardrail consisted of buckling and tearing of the 
guardrail. A buckle formed 13 in. (330 mm) upstream of post no. 8. A 1½-in. (38-mm) long 
vertical tear was located in the upper slot 13 in. (330 mm) downstream of post no. 7 on the Side 
A. Another 2-in. (51-mm) long tear was located in the upper slot 21 in. (533 mm) downstream of 
post no. 6. The bottom corrugation had a 6-in. (152-mm) long vertical tear 17 in. (432 mm) 
upstream of post no. 5. The lower slot had a small vertical tear 43 in. (1,092 mm) upstream of 
post no. 5. Major folding and a buckle occurred in the thrie beam guardrail at the Side A quarter-
point cable clip on rail section no. 1. The lower slots were torn completely through from post no. 
1 through 13 in. (330 mm) downstream of the center of the nose on Side A. A 4-in. (102-mm) 
long vertical tear and an 8-in. (203-mm) long vertical tear were located 12 in. (305 mm) and 9 in. 
(229 mm) upstream from post no. 1, respectively. Another 4-in. (102-mm) long vertical tear was 
located in the bottom corrugation 13 in. (330 mm) downstream of the center of the nose on Side 
A. 
The damage to the Side B thrie beam guardrail consisted of buckling, tearing and 
flattening of the guardrail. Folding and flattening occurred downstream of the center of the nose 
on Side B. A 2-in. (51-mm) long vertical tear was located 20 in. (508 mm) upstream of post no. 
1. A 3-in. (76-mm) long vertical tear and a 4-in. (102-mm) long vertical tear were located at the 
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lower slot 13 in. (330 mm) and 11 in. (279 mm) upstream of post no. 1, respectively. The 
guardrail was torn completely through at the lower slots 17 in. (432 mm) downstream of post no. 
1. A 2-in. (51-mm) long vertical tear was found 7 in. (178 mm) upstream of post no. 2 at the 
upper slot. Another 1-in. (25-mm) long tear was found 4 in. (102 mm) downstream of post no. 3. 
A 3-in. (76-mm) long horizontal tear was located 43 in. (1,092 mm) downstream of post no. 7. 
The guardrail was buckled 15 in. (381 mm) upstream of post no. 8. 
The working width envelope of the system was found to be 54 ft – ½ in. (16.5 m) 
longitudinally and 14 ft – 9¼ in. (4.5 m) laterally and is shown in Figure 54. 
6.5 Vehicle Damage 
The damage to the vehicle was moderate, as shown in Figure 55. Deformations to the 
vehicle’s floorboard were relatively minor, with maximum longitudinal, lateral, and vertical 
deflections of ½ in. (13 mm) located at the right side of the right-side floorboard near the 
dashboard, ½ in. (13 mm) located near the middle of the left-side floorboard, and ½ in. (13 mm) 
located at the right side of the right-side floorboard near the dashboard, respectively. Complete 
occupant compartment and vehicle deformations and the corresponding locations are provided in 
Appendix C. 
The left-rear quarter panel was crushed approximately 3 in. (76 mm). The left-front 
fender was crushed backward due to contact with the cable, and a 4-in. (102-mm) long tear 
occurred. The left headlight was disengaged. The left side of the hood was ajar. Scrape marks 
occurred along the bottom edge of the longitudinal frame members. Folding occurred in the left 
side of the front bumper, and the bumper was significantly crushed. The grill was crushed inward 
due to contact with the cable. The radiator was punctured and was leaking. The right headlight 
was crushed inward. The right-front fender was crushed inward approximately 5 in. (127 mm), 
and the fender was folded. The right side of the hood was ajar. The right-front tire had a 4-in. 
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(102-mm) long tear in the side wall, and the hub cap was fractured. The right-rear tire had a 13-
in. (330-mm) long tear in the side wall. The roof and window glass remained undamaged. 
6.6 Occupant Risk 
The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant 
ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 
5. It is noted that the OIVs and ORAs were within the suggested limits provided in NCHRP 
Report No. 350. The calculated THIV, PHD, and ASI values are also shown in Table 8. The 
results of the occupant risk analysis, as determined from the accelerometer data, are summarized 
in Figure 46. The recorded data from the accelerometers and the rate transducers are shown 
graphically in Appendix D.  
Table 8. Summary of OIV, ORA, THIV, and PHD Values, Test No. USPBN-4 
Evaluation Criteria 
Transducer NCHRP Report 
No. 350 
Limits EDR-3 DTS 
OIV 
ft/s (m/s) 
Longitudinal -21.82 (-6.65) 
-21.75 
(-6.63) 
≤ 39.4  
(12) 
Lateral 0.19 (0.06) 
0.21 
(0.06) 
≤ 39.4  
(12) 
ORA 
g’s 
Longitudinal -7.97 -7.84 ≤ 20 
Lateral 7.46 7.34 ≤ 20 
THIV 
ft/s (m/s) - 
21.75 
(6.63) not required 
PHD 
g’s - 8.99 not required 
ASI 0.44 0.43 not required 
 
6.7 Discussion 
The analysis of the test results for test no. USPBN-4 showed that the bullnose median 
barrier adequately contained and safely decelerated the 2000P vehicle. There were no detached 
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elements nor fragments which showed potential for penetrating the occupant compartment nor 
presented undue hazard to other traffic. Deformations of, or intrusions into, the occupant 
compartment that could have caused serious injury did not occur. The test vehicle did not 
penetrate nor ride over the barrier and remained upright during and after the collision. Vehicle 
roll, pitch, and yaw angular displacements were noted, as shown in Appendix D, and were 
deemed acceptable because they did not adversely influence occupant risk safety criteria nor 
cause rollover. After impact, the vehicle was contained by the bullnose median barrier. 
Therefore, test no. USPBN-4 conducted on a bullnose median barrier was determined to be 
acceptable according to the NCHRP Report No. 350 safety performance criteria for test 
designation no. 3-31. 
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7 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
A bullnose median barrier was developed with fracturing bolt, steel posts. The breakaway 
steel posts were designed to match the cantilevered bending capacities of the existing wood CRT 
posts about their strong and weak axis, as well as for a biaxial loading condition. The embedded 
portion of the UBSP was similar to the CRT post to assure comparable rotational resistance in 
the soil. The mass, general geometry, and the breakaway characteristics of the upper UBSP 
section were also similar to the CRT wood post. The lower portion of the UBSP consisted of a 
foundation tube with the lower base plate. The upper portion of the UBSP consisted of a post 
with the upper base plate. The bullnose system utilized BCT posts for the first two posts as well 
as for the last two anchorage posts on each side of the barrier. Post nos. 3 through 8 were UBSP, 
and the remaining posts were standard thrie beam guardrail steel posts. The system was 
subjected to test designation nos. 3-3- and 3-31 of NCHRP Report No. 350 to determine if it met 
the TL-3 safety performance criteria. 
In full-scale crash test no. USPBN-3, a 2,024-lb (918-kg) passenger car impacted the 
barrier at the passenger’s side quarter point offset of the bullnose at a speed of 63.3 mph (101.9 
km/h) and at an angle of 0 degrees. A summary of the safety performance evaluation is provided 
in Table 9. The vehicle was safely contained and decelerated, and the barrier did not cause 
vehicle instability.  
In full-scale crash test no. USPBN-4, a 4,429-lb (2,009-kg) pickup truck impacted the 
barrier at the centerline of the bullnose at a speed of 64.5 mph (103.7 km/h) and at an angle of 0 
degrees. A summary of the safety performance evaluation is provided in Table 9. The vehicle 
was safely contained and decelerated, and the barrier did not cause vehicle instability. The 
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bullnose median barrier with universal breakaway steel posts was determined to be acceptable 
according to the TL-3 safety performance criteria in NCHRP Report No. 350. 
Based on this performance of the UBSP in the tests described herein and those conducted 
previously, the researchers believe that the UBSP is a suitable alternative for the wood, CRT post 
used in the original design. Because the performance of the system with the UBSP was nearly 
identical to the original system with CRT posts, no additional constraints or caveats need to be 
applied when using the alternative post design. In addition, recommendations made with respect 
to the design and implementation of the original bullnose median barrier system would still be 
applicable to the system when the UBSP is used.  
It should be noted that the foundation tube and lower base plate of the UBSP was 
typically undamaged in the full-scale crash tests and could potentially be reused. MwRSF 
believes that the UBSP foundation tube and lower base plate can be reused if it displays no 
plastic deformation. In addition, if the UBSP foundation tube and lower base plate have not 
deflected more than ½ in. (13 mm) in the soil, it would be acceptable to re-compact the soil 
around the post base and mount a new top section (i.e., post and upper base plate) to the lower 
base plate to reset the post. Soil deflections greater than ½ in. (13 mm) would require pulling the 
post base, checking for damage, and resetting the post. 
It should also be noted that the bullnose system constructed for use in this test program 
had dual cable anchorages employed on each side of the downstream end of the system. The 
function of these cable anchorages was to develop the appropriate rail tension required to 
simulate a typical field installation of the bullnose which would consist of a closed envelop or 
attachment of sides of the bullnose to a concrete bridge rail. Thus, for a closed envelope bullnose 
system or a bullnose that is attached to a bridge rail on both sides, these anchorages are not 
December 16, 2010 
MwRSF Report No. TRP-03-244-10  
 
84 
required. However, some states install the bullnose in a layout that attaches the oncoming traffic 
side to a bridge rail but leaves the reverse direction traffic side open and unattached. In this type 
of installation, the researchers would recommend that dual cable anchorages be employed similar 
to those used in the full-scale testing described herein.  
Finally, the satisfactory performance of the UBSP in the bullnose median barrier system 
would suggest that there is potential for the UBSP as a surrogate in other CRT applications, such 
as in the long-span guardrail system and guardrail end terminals. However, further analysis and 
testing would be required to verify its performance in those other guardrail applications.  
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Table 9. Summary of Safety Performance Evaluation Results 
Evaluation 
Factors Evaluation Criteria 
Test No. 
USPBN-3 
Test No. 
USPBN-4 
Structural 
Adequacy 
A. Test article should contain and redirect the vehicle; the 
vehicle should not penetrate, underride, or override the 
installation although controlled lateral deflection of the 
test article is acceptable. 
S S 
C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 
S S 
Occupant 
Risk 
D. Detached elements, fragments or other debris from the 
test article should not penetrate or show potential for 
penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone. Deformations of, or intrusions into, the 
occupant compartment that could cause serious injuries 
should not be permitted. See discussion in Section 5.3 
and Appendix E of NCHRP Report No. 350. 
S S 
F. The vehicle should remain upright during and after 
collision although moderate roll, pitching and yawing 
are acceptable. 
S S 
H. Occupant Impact Velocities (OIV) (see Appendix A, 
Section A5.3 of NCHRP Report No. 350 for 
calculation procedure) should satisfy the following: 
M S  Occupant Impact Velocity Limits 
Component Preferred Maximum 
Longitudinal and Lateral 29.5 ft/s  (9 m/s) 
39.4 ft/s 
(12 m/s) 
I. The Occupant Ridedown Accelerations (ORA) (see 
Appendix A, Section A5.3 of NCHRP Report No. 350 
for calculation procedure) should satisfy the following: 
S S  Occupant Ridedown Acceleration Limits  
Component Preferred Maximum 
Longitudinal and Lateral 15 g’s 20 g’s 
Vehicle 
Trajectory 
K.  After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. S S 
L. The occupant impact velocity in the longitudinal 
direction should not exceed 39.4 ft/s (12 m/s) and the 
occupant ridedown acceleration in longitudinal 
direction should not exceed 20 g’s. 
S S 
M. The exit angle from the test article preferably should be 
less than 60 percent of the test impact angle, measured 
at time of vehicle loss of contact with test device. 
NA NA 
N. Vehicle trajectory behind the test article is acceptable. S S 
 S – Satisfactory  M – Marginal  U – Unsatisfactory  NA - Not Applicable 
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Appendix A. Material Specifications 
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Appendix B. Vehicle Center of Gravity Determination 
 
 
Figure B
 
-1. Vehicle Mass Distribution, Test 
102 
 
No. USPBN-3 
MwRSF Repo
December 16
rt No. TRP-03-
, 2010 
244-10  
 
Figure B
 
-2. Vehicle Mass Distribution, Test 
103 
 
No. USPBN
 
-4 
MwRSF Repo
December 16
rt No. TRP-03-
, 2010 
244-10  
 
December 16, 2010 
MwRSF Report No. TRP-03-244-10  
104 
Appendix C. Vehicle Deformation Records 
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Appendix D. Accelerometer and Rate Transducer Data Plots, Test No. USPBN-3 
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. USPBN-4 
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